Mammography is carried out in a special position, i.e. "an image is taken while the breast is compressed, stretched and kept in a fixed position". The purpose of this study was to demonstrate quantitatively and qualitatively the physical and psychological burden due to positioning and breast compression during mammography. Muscle activity of each part of the body during positioning for the standard imaging method, to obtain craniocaudal (CC) view images, was measured in 15 adult females using surface EMG. The associated pain was analyzed using visual analogue scale (VAS) scores. During positioning for the CC view, muscle activity was highest in the biceps (24.44 iEMG/s) followed by the trapezius (17.78 iEMG/s) on the imaging side. Muscle activity of the biceps and the sternocleidomastoid on the imaging side showed significant differences compared with pre-imaging activity (biceps P < 0.031, sternocleidomastoid P < 0.005). The pain during mammography was rated as moderate to severe pain (VAS = 3.3 -6.7) for CC views. As a result, the activities of not only the muscles directly involved in mammography positioning but also those indirectly involved were high as compared with the normal state. Measurement of muscle activity during mammography is expected to be used effectively, such as in the care to reduce pain for the subjects.
Introduction
For mammography, the breasts are compressed and extended with a board and the thickness of the breasts is made as thin as possible to enable effective diagnosis and reduce radiation exposure. In addition to breast compression, the neck is bent into an unnatural position with the shoulders also bent, and the posture is maintained for appropriate image imaging [1] .
This breast compression and unique positioning are considered a painful and uncomfortable experience for female examinees, although the degree of discomfort varies. Meanwhile, although there is undoubtedly interindividual variability in positioning during mammography due to the experience and knowledge of the radiological technologist, standardization and improvement of the imaging technique have been advanced by systematic certification of screening mammography radiological technologist by the Japan Central Organization on Quality Assurance of Breast Cancer Screening.
Compression of the breasts to make them as thin as possible and unique positioning are required for the examinees. Although the modality requires cooperation by the examinees in this markedly difficult procedure, the pain and physical burden associated with the examination are not clearly understood.
In mammography, advancement of the imaging system, and establishment of appropriate imaging technique and accuracy management have been studied [2] - [9] . Meanwhile, previous reports focusing on the pain and physical burden experienced by the examinees showed that the pain associated with mammography influenced the examinees' behavior when undergoing the screening test [10] - [12] , and pain was scored according to the visual analogue scale (VAS) [13] - [19] . These reports suggest that mammography causes a physical burden, in particular, pain.
Meanwhile, the burden on body parts has only been poorly measured and evaluated quantitatively in these reports, although it has been evaluated with subjective markers. Furthermore, the relationship with the burden on body parts other than breasts in mammography has rarely been reported.
In this study, to evaluate the current status of the physical burden and subjective pain associated with mammography, we focused on the electromyogram (EMG) as a physiological parameter. Electromyography has been widely employed for evaluation and analysis of physical movement by extracting the action potential appearing during skeletal muscle contraction as a biological signal [20] - [24] . In particular, it is presumed that a surface EMG, measured with surface electrodes attached to the skin surface, provides data which can be used for quantification of the mammography-associated physical burden.
We previously investigated muscle activity and influence of pain in mediolateral oblique (MLO) imaging, a standard imaging method [25] [26] . The results showed that MLO positioning was associated with increased muscle activity and pain derived from positioning.
This study aimed to clarify the relationship between muscle activity and pain by focusing on muscle activity during positioning for craniocaudal (CC) imaging complementing MLO imaging and quantifying the physical burden experienced by the examinees using surface EMG.
Methods

Systems
The M-IV (LOARD) mammography system (Hitachi Medical Corporation, Tokyo, Japan) was used in this study. In this study, the examinees were not subjected to X-ray irradiation, because image imaging was unnecessary. Therefore, descriptions of conditions for image imaging are omitted. With regard to compression pressure, the maximum pressure (limiter) was set at 175 N. For measurement of superficial EMG, a polymate AP 1000 (Digix Inc., Tokyo, Japan) was employed. For analysis of the superficial EMG obtained, surface EMG analysis software (NoruPro Light Systems, Inc., Tokyo, Japan) was employed.
Subjects
The subjects comprised 15 females (in their 30s to 50s) without heart disease, hypertension, or skin disease. Their characteristics were: age, 44.4 ± 6.6 years (mean ± standard deviation); height, 160.0 ± 6.7 cm; body weight, 5.1 ± 3.9 kg; and body mass index (BMI), 21.4 ± 2.2 kg/m 2 . They were examined on 14.8 ± 10.0 days of the menstrual cycle. Their experience of breast cancer screening was 2.8 ± 3.2 times, and five had no experience. The subjects habitually exercised 0.5 ± 0.5 times/week but six had no habit of exercise.
These subjects were not those who aimed to undergo screening or investigation but volunteers who had come forward to participate in the study when subjects were recruited. In this paper, the term "imaging" is used throughout the text for convenience but no X-ray irradiation was used in the experiments.
The lack of exposure to radiation was fully explained to the subjects and informed consent was obtained before the start of the study.
Positioning for imaging was adjusted by two female clinical radiological technologist skilled in mammography imaging. Both of them had 15 years' experience of daily work in mammography and one was certified as a screening mammography radiological technologist by the Japan Central Organization on Quality Assurance of Breast Cancer Screening.
Subject Muscles
Muscle activity during positioning was measured from the beginning to the end of mammographic imaging of both breasts. Muscle activity was measured only on the right side of the body to evaluate muscle activity on the imaging side and on the contralateral side. In this paper, muscle activity on the right side of the body during imaging of the right breast and the left breast was defined as "Right" and "Left", respectively.
With a reference of the sites of a severe physical pain according to VAS described by Sharp et al. [18] , their related muscles, such as biceps, trapezius, and sternocleidomastoid muscle, as well as gastrocnemius muscle for consideration of the burden on the lower body, were subjected to measurement.
Phase Setting in Measurement
According to the mammographic imaging method, the following phases were set for measurement. The condition before positioning was defined as the relaxation phase (RP). Two phases were defined between the beginning and the end of positioning. The first phase from the beginning of positioning to fixation of the breast was defined as the keep phase (KP). The second phase from the fixation of the breast to the end of imaging was defined as the pressure phase (PP). The measurement protocol is shown in Figure 1 . In the order of right breast followed by left breast, positioning for imaging was performed in a standing positon. Before and after positioning of both breasts, the RP was maintained for one minute in a standing position.
Measurement Parameters
EMG
In this study, muscle activity was measured by surface EMG. The system used for measurement was the small ambulatory multi-purpose amplifier Polymate AP1000 (Digix Inc.). For an EMG sensor, bipolar active electrodes were placed at one site (Figure 2) .
The attachment of the electrodes is shown in Figure 3 . Electrodes were attached at the center of the upper edge of the trapezius, which originated from the acromion, and close to the center of the muscle belly of the biceps, sternocleidomastoid muscle, and gastrocnemius muscle. The attachment site was cleaned with the pretreatment compound Skin Pure to reduce contact resistance between the skin and the electrodes before attachment. Furthermore, conductive paste was applied to the electrodes and inductivity was maintained. A grounding wire was attached to the skin of the wrist of all subjects.
Measurement of Pain and Identification of Painful Body Parts
Using the VAS for evaluation of pain, the degree of a pain experienced during mammography was measured [27] . A 10-cm straight line was shown and pain was digitalized with a minimum difference of 1 mm. The left end (0 cm) was defined as "no pain", while the right end (10 cm) as "the severest pain (the severest pain experienced so far)", and the degree of pain felt at each time-point was indicated by each subject with a finger and finish digitalized. With regard to the parts of the body where pain was felt, the site with the severest pain was selected from an illustration of the anterior and posterior aspects of the whole body and indicated with a finger.
The survey was performed simultaneously with EMG recording and the subjects were asked to pay attention to the degree and the site of pain experienced during imaging. At the end of positioning, they were asked to indicate the degree and the site of the severest pain by pointing to the VAS and the site of pain with a finger.
Analytical Method
EMG
The amplitude of EMG waves is dependent on the number of muscle fibers participating in muscle contraction and the voltage derived from them. When muscle activity is increased, the amplitude becomes larger, and when it is decreased, the amplitude becomes smaller. We calculated the value of the integral (iEMG), which equals the sum of the voltages and is proportional to the force of muscle contraction. The measured iEMG was analyzed using a surface EMG analysis program (Surface EMG Analysis, NoruPro Light Systems).
The main frequency zone of EMG signals is 5 -100 Hz. However, the amplitude is weak and susceptible to noise. To produce a readable signal, the alternating current noise of iEMG was first removed with a notch filter and a filtering process was performed with a low-frequency blocking filter (blocking frequency, 5 Hz) and a high-frequency blocking filter (blocking frequency, 100 Hz). The shape of the processed waves was then divided by the length of the defined phases (time, abbreviated as t) for calculation of the mean.
A surface EMG is dependent on the electrode level and may show an inter-examinee, intra-examinee, and inter-muscle difference due to the thickness of subcutaneous fat and skin impedance, even though the voltage occurring at the muscle fiber level is the same. Therefore, EMGs need to be normalized, but the method of normalization remains controversial [21] .
In this paper, the condition before positioning or the average of the EMG measurements in the RP was employed as the baseline, which was calculated as the measurement over one min before positioning divided by time.
EMG waves in each phase are shown in Figure 4 . With regard to the time of the phase, one min before positioning was defined as t 1 , while the end of positioning was defined as t 4 . The RP was defined as t 1 to t 2 , with the KP as t 2 to t 3 and the PP as t 3 to t 4 . Muscle voltage in each phase was calculated as the value of the integral of muscle voltages in each phase (iEMG) divided by the time length of that phase (sec). The value of the integral muscle voltages in the RP or the baseline value was defined as iEMG rp , while that in the KP and PP as iEMG kp and iEMG pp , respectively [Equations (1), (2), and (3)].
( ) ( ) 
The interval between t 1 and t 2 is relaxation phase (RP) before positioning. The positioning starts at t 2 . The interval between t 2 and t 3 is keep phase (KP). The positioning with breast pressing is completed at t 3 . The interval between t 3 and t 4 is pressure phase (PP). The imaging ends at t 4 .
Comparison of Muscle Activity during Positioning for Imaging
Measurements in the RP were defined as the baseline and were used to compare measurements in the KP and 
Ethical Considerations
The study protocol was submitted in advance to the ethics committee, Health Sciences, Niigata University Graduate School, and approved (approval No. 82).
For consideration, the subjects were fully informed of the significance and aims of the study, detailed experimental methods, measurement methods, potential adverse effect and risk, and predicted treatment in cases of adverse events, and the document explaining all these matters was handed to the subjects. The following was explained to the subjects: participation in the experiment was at the subjects' free will and there would be no disadvantage if consent was not provided; even after consent was given, it could be withdrawn at any time without incurring any disadvantages; and the subjects were free to stop participating in the experiment even after it is had started. Those subjects who consented to the experiment were asked to sign the consent form. Data were identified with numbers so that individual names could not be identified, immediately stored in the flash memory, and processed for analysis on a personal computer that was not connected to the internet. The flash memory, the personal computer used for analysis, and survey sheets were kept in a secure place that could be locked with a key and efforts were made to protect individual information from leakage. It was promised that data would be used only for the study and not for other purposes. After the end of the study, the survey sheet and documents containing the measurement data were cut into pieces and destroyed.
Results
The mean time for positioning was 55.5 sec for the KP and 10.9 sec for the PP. The pressure of breast compression during positioning was 121.3 ± 13.5 N and the thickness after compression was 3.6 ± 0.60 cm (Figure 5) . The results of positioning for imaging were as follows.
Muscle Activity in the Different Muscle Groups
In 15 subjects, the mean ± standard deviation of the muscle activity on the imaging side and the opposite side is shown in Table 1 . The total muscle activity on the imaging side was: biceps, 19.74 ± 17.21 iEMG/s; trapezius, 13.94 ± 14.64 iEMG/s; sternocleidomastoid muscle, 13.90 ± 10.05 iEMG/s; and gastrocnemius muscle, 5.20 ± 3.93 iEMG/s. The total muscle activities in each group on the imaging side and the opposite side for positioning of CC imaging are shown in Figure 6 . Muscle activity of the biceps was higher than that of other muscle groups. Muscle activity was highest in the biceps during the PP and KP on the imaging side, followed by sternocleidomastoid muscle during the PP on the imaging side and trapezius during the KP on the imaging side.
Comparison of Muscle Activity during Positioning for Imaging
Muscle activity was compared between the imaging and the opposite side in each phase. The difference in the mean muscle activity was compared among the different phases and results are shown in Figure 7 (on the imaging side) and Figure 8 (on the contralateral side). One-way ANOVA revealed that the difference in muscle activity on between the imaging side and the contralateral side was significant in both the biceps and sternocleidomastoid muscles (biceps, F = 3.779 and P < 0.031; and sternocleidomastoid muscle, F = 5.935 and P < 0.005). Multiple comparison analysis revealed a significant difference between the RP and KP in the biceps and between the RP and KP and between the RP and PP in the sternocleidomastoid muscle. These results indicated that muscle activity in the biceps increased during the maintenance of positioning for CC imaging on the imaging side. Moreover, they also suggested that muscle activity in the sternocleidomastoid muscle increased throughout all phases of imaging. One-way ANOVA revealed that there was no significant difference in muscle activity between the different phases on the opposite side to the imaged side in any muscle group. Multiple comparison analysis showed no significant difference in any muscle group between the RP and KP and between the RP and PP. These results indicated that there was no increase in muscle activity in the muscle groups on the opposite side during any phase of positioning for CC imaging.
VAS Scores and Identification of Painful Body Sites
The survey focused on pain experienced during positioning on both sides in each subject. Therefore, the results in a total number of 30 subjects are shown. Table 2 shows mean VAS scores ± standard deviation. Cheek ( VAS scores were 1 or higher in 21/30 (70.0%) subjects in the KP and 28/30 (93.3%) in the PP. VAS scores were 3.7 ± 3.3 cm in the KP and 6.7 ± 2.8 cm in the PP. In both phases, the mean VAS score was greater than 3, which indicated moderate levels of a pain.
With regard to the sites of pain in the KP, the VAS score was 6.5 ± 0.0 cm for the cheeks, 3.0 ± 1.7 cm in the neck, 3.0 ± 1.7 cm at the shoulders, 5.0 ± 1.7 cm at the sternum and ribs, and 8.1 ± 0.7 cm on for the breasts. In the PP, VAS scores were 7.0 ± 0.0 cm in the neck, 7.4 ± 2.0 cm for the breasts, and 3.5 ± 0.0 cm at the waist area. Table 2 shows the frequency of pain felt at each site in parentheses. In the KP, VAS scores were positive in 7/30 (23.3%) for the breasts, 3/30 (10.0%) at the sternum and ribs, 3/30 (10.0%) at the shoulders, 6/30 (20.0%) in the cervix, and 2/30 (6.7%) for the cheeks. In the PP, VAS scores were positive in 2/30 (6.7%) at the waist area, 25/30 (83.3%) for the breasts, and 1/30 (3.3%) in the cervix. In the KP, meanwhile, VAS scores showed mild pain at all sites other than the breasts, which were near the scanned breast. During the PP, pain was felt strongly at the breast.
Discussion
Muscle Activity during Positioning for Imaging
Muscle activity for CC imaging was greatest in the biceps on the imaging side, followed by the sternocleidomastoid muscle and the trapezius both on the imaging side in that order. Muscle activity in the biceps and the sternocleidomastoid muscle on the imaging side was clearly increased compared with that before imaging. These results suggested that muscle activity on the imaging side was increased during positioning for CC imaging and that there was an association of the increase in muscle activity between the biceps and the sternocleidomastoid muscle.
According to the guidelines for positioning for CC imaging, "The subjects are asked to stand squarely to the system with the subject breast placed at the middle of the breast supporting platform. They are asked to face the opposite side of imaging [28] ." The instructions indicate the position with the cervix rotated as much as possible so that the breast can be placed more easily within the imaging area. The rotation angle of the neck is 0 -80 degrees and the sternocleidomastoid muscle on the opposite side contracts to achieve rotation of the cervix [28] . During positioning for CC imaging, subjects are asked to rotate the cervix to almost 80 degrees, the maximum possible range of rotation. The characteristics of this positioning are consistent with increased muscle activity in the sternocleidomastoid muscle. Therefore, increased muscle activity in the sternocleidomastoid muscle during positioning for CC imaging can also be explained anatomically.
With regard to the increased muscle activity in the biceps and its relationship to positioning, the guidelines do not include any suggestions such as bending of the biceps. However, the breast supporting platform is placed in front of the subjects and according to the guidelines, "the subjects are instructed to press the medial chest wall tightly to the breast supporting platform so that the medial side of the breast is placed within the X-ray systems without fail [28] ." To have the breast on the breast supporting platform, the posture, in which the center of gravity of the entire body is shifted forward, needs to be maintained. Therefore, since maintenance of this posture in a standing position is unstable, it is necessary to support the body trunk using the upper extremities. During positioning for CC imaging, subjects support the body by placing the arm on the imaging side around the breast supporting platform. In addition, they use their other arm to grasp the arm part of the platform.
In the present study, it was thought that muscle activity was increased due to bending of the biceps induced by the posture necessary to put the arm on the imaging side around the platform. In cases of MLO imaging, target muscle groups were the auxiliary muscle groups and cooperative increased muscle activity was recognized [27] .
However, the two muscle groups that showed increased muscle activity during CC imaging hardly showed any cooperative increase in muscle activity. The sternocleidomastoid muscle is not complementary to the biceps in contraction [29] [30] . Therefore, there is little direct anatomical association between the bending of the biceps and the sternocleidomastoid muscle.
Nevertheless, as the breast was compressed, muscle activity was increased in both the biceps and the sternocleidomastoid muscle and these increases were found to be associated. These results indicated that as breast compression and body fixation increased, muscle activity also increased in the different muscle groups during positioning for CC imaging.
Our results demonstrate that both the biceps and the sternocleidomastoid muscle, which had little association with each other, had mutual influence during positioning for CC imaging. These results suggest that as the breast is compressed, muscle groups that have little cooperative activity also influence each other.
Relationship between Positioning for Imaging and Pain
During the entire mammography procedure, from the beginning of positioning to the compression and fixation of the breast, the mean VAS score at the site where pain was felt was 3 or higher at all sites. These results suggest moderate to severe pain. They also suggest that mammography is accompanied by pain other than that associated with breast compression during CC imaging. Pain was felt in the breasts, neck, shoulders, sternum and ribs, and the cheeks. Since the active muscle groups did not always correspond to the sites of pain, it was impossible to clearly verify the association.
During positioning for CC imaging in the present study, the auricle and head were placed along the fixation plate with the neck rotated to support the rotation of the head. This positioning corresponded to the site of pain. These results suggest the possibility that pain was the result of positioning.
Similarly to MLO imaging, severe pain was felt during the PP and the site of pain was the breast in almost all answers [27] . During the PP, the body was fixed in position with the breast compressed, and this suggested that direct compression was the cause of the pain.
On the other hand, subjects answered that the sites of pain were located near the sites where muscle activity was different during the KP. These included the biceps, sternocleidomastoid muscle, the neck, and the shoulders on the imaging side. This suggests that they influenced not only the pain and burden associated with breast compression directly involved in mammography but also a physical burden on the whole body and a psychological burden continuously present from the time before the screening, and were related to the results we had previously verified [31] - [34] .
Conclusions
In this study, muscle activity was measured at various body sites during mammography by surface EMG. The following results were verified in 15 adult female subjects.
In CC imaging, the biceps on the imaging side (24.44 iEMG/s) showed the highest muscle activity, followed by the sternocleidomastoid muscle (17.78 iEMG/s). There was a significant difference in muscle activity in the biceps and sternocleidomastoid muscle on the imaging side compared with that before imaging (biceps, P < 0.031; and sternocleidomastoid muscle, P < 0.005). The pain during imaging in mammography was moderate to severe (VAS, 3.3 -6.7).
